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SUSTAINABLE DEVELOPMENT AND AIR QUALITY:




Imagine a world where the air, even in major cities, poses no
serious health threat, even during the summer. Lakes once dead from
acid rain have begun to recover. And trees and crops no longer die
from air pollution. Many large cities and all rural areas have taken
down their transmission wires, because the owners of homes,
apartment buildings, factories, and offices rely upon fuel cells or upon
solar power produced on site. We may be too late already to avoid
serious disruption from global warming, but this world would, over
time, ameliorate climate change as well. We are far from this world,
but movement toward sustainable development must involve
substantial steps toward creating the technological pattern that might
make this world possible.
Sustainable development requires the replacement of old
technologies with new cleaner ones. Generally, the United States has
adopted the type of air quality programs that Agenda 211 recommends,
and had those programs in place at the time of the Earth Summit in
1992. Owing to a lack of fundamental technological change, however,
the United States has not met the ambitious goals for environmental
programs implicit in the broad principles of the Rio Declaration.
Associate Professor, Syracuse University College of Law. J.D. Yale Law
School, 1989.
1 U.N. Conference on Environment and Development, U.N. Conference on
Environment and Development, Agenda 21, U.N. Doc. A/CON F. 151.26 (1992)
[hereinafter Agenda 21].
2 Rio Declaration on Environment and Development, U.N. Conference on
Environment and Development, U.N. Doc. A/CONF. 151/5/Rev. 1, 31 I.L.M. 874
(1992) [hereinafter Rio Decl.].
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Fully meeting those goals requires a phase-out of coal-fired power
generation, substantial movement toward renewable energy, a
thorough going change in vehicular technologies, enforcement of the
clean air act, and improvements in emissions monitoring. We must
redesign regulation with an explicit goal of encouraging fundamental
innovation in order to achieve this sort of change.
This chapter begins by canvassing the commitments made in
Agenda 21 and the Rio Declaration that have special relevance to air
quality. This review of international commitments also provides basic
background on air pollution, explaining why achievement of the
relevant international goals matters. This first part also links air quality
concerns to the problem of sustainable development. A second part
assesses progress toward these commitments through a look at
emission trends and movement toward sustainable technology. A final
part articulates recommendations for improving United States
conformity to Agenda 21 and the Rio Declaration.
This chapter focuses upon commitments to improve air quality,
however qualified they may be. For the most part, it places less
emphasis on planning requirements--e.g. calls for greater coordination
or better assessment of problems. Agenda 21 contains so many
planning commitments potentially relevant to air quality that a book
chapter cannot provide comprehensive coverage. Other chapters will
address some of these matters, and this chapter will address the
commitment to procedural integration discussed in this book's
introduction. Because this book contains a separate chapter on climate
change, this chapter emphasizes the relationship between climate
change and other air pollution problems, leaving more thorough
treatment of climate to the chapter devoted to that subject.
Agenda 21, the Rio Declaration, and Air Pollution
Air pollution can make life unsustainable by harming the
ecosystem upon which all life depends and harming the health of both
future and present generations. The Rio Declaration articulates six
key principles that are relevant to air pollution. These principles can
also be understood as goals, because they describe a state of affairs
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that is worth achieving. Agenda 21, in turn, states a program of action
for realizing those goals. Between them, they aid understanding of
sustainable development's meaning for air quality.
The first principle is that "human beings... are entitled to a
healthy and productive life in harmony with nature", because they are
"at the center of concerns for sustainable development. 3 While the
Rio Declaration refers to human health, its reference to life "in
harmony with nature" also reflects a concern about the natural
environment.' Since air pollution damages both human health and the
environment, air quality implicates both of these concerns.5
Lead, carbon monoxide, particulate, tropospheric ozone,
sulfur dioxide, and nitrogen oxides have historically threatened urban
air quality in the United States. This review will focus upon
tropospheric ozone, particulate, and carbon monoxide, because these
pollutants present the most widespread of the remaining urban air
problems, and did so at the time of the earth summit.6 Tropospheric
ozone refers to ozone fairly near to the ground, as opposed to
stratospheric ozone high in the atmosphere. The stratospheric ozone
layer protects human health and the environment from ultraviolet
radiation, and its depletion causes problems. 7 By contrast, tropo-
3 Id. princ. 1.
4 See id. Principle seven echoes this ecological concern, requiring states to
"cooperate... to ... protect and restore the health and integrity of the Earth's
ecosystems." Id. princ. 7.
5 Agenda 21 seeks to avoid impairment of human health and "yet encourage
development to proceed." Agenda 21, supra note 1 at 6.40.
6 The phase-out of lead from gasoline, mostly completed by 1992, brought
almost every area of the country into attainment with EPA's national ambient air
quality standard for lead. See EPA, NATIONAL AIR QUALITY AND EMISSIONS
TRENDS REPORT, 1999 at 17-20 (2001) [hereinafter, TRENDS]. All areas of the
country now meet the nitrogen dioxide standard and the primary sulfur dioxide
standard. Id. at 23, 64.
7 EPA, LATEST FINDINGS ON NATIONAL AIR QUALITY: 1999 STATUS AND
TRENDS 22 (2000), available at http://www.epa.gov/oar/
aqtmd99/brochure/brochure.pdf [hereinafter FINDINGS].
2002-2003]
28 BUFFALO ENVIRONMENTAL LAW JOURNAL [Vol. 10
spheric ozone damages human health and the environment.' In the
United States, the pollutants causing "urban" air quality problems
also affect human health and the environment well beyond urban
boundaries. Yet, the health problems these pollutants present remain
most acute in urban and suburban areas.9
Ozone, carbon monoxide, and particulate cause very serious
public health problems that have been well recognized for a long
time. Ozone forms in the atmosphere from a reaction between volatile
organic compounds, nitrogen oxides, and sunlight.'0 Volatile organic
compounds include a large number of hazardous air pollutants.
Nitrogen oxides, as discussed below, also play a role in acidifying
ecosystems. Ozone damages lung tissue." It plays a role in triggering
asthma attacks, sending thousands to the hospital every summer. It
effects young children and people engaged in heavy exercise
especially severely. 2
Particulate pollution, or soot, consists of combinations of a
wide variety of pollutants. Nitrogen oxide and sulfur dioxide contri-
bute to formation of fine particulate, which is associated with the
most serious health problems.'3 Studies link particulate to tens of
thousands of annual premature deaths in the United States.'4 Like
ozone it contributes to respiratory illness, but it also seems to play a
S EPA, SMOG-WHO DOES IT HURT: WHAT YOU NEED TO KNOW ABOUT
OZONE AND YOUR HEALTH 1 (1999), available at http://www.epa.gov/aimow
/health/smogl.html (last visited Feb. 24, 2002).
9 NATIONAL RESEARCH COUNCIL, RETHINKING THE OZONE PROBLEM IN
URBAN AND REGIONAL AIR POLLUTION 23 (1991) [hereinafter NRC].
10 Id at 24-27.
1 Id. at 31-33.
12 FINDINGS, supra note 7, at 6.
13 ENVIRONMENTAL LAW INSTITUTE, CLEANER POWER: THE BENEFITS AND
COSTS OF MOVING FROM COAL GENERATION TO MODERN POWER TECHNOLOGIES
15 (2001), available at http://www.eli.org/store/rr0lpower.html (last visited Feb.
24, 2002 [hereinafter ELI].
14 EPA OFFICE OF AIR AND RADIATION, OFFICE OF AIR QUALITY PLANNING
AND STANDARDS, FACT SHEET: HEALTH AND ENVIRONMENTAL EFFECTS OF
PARTICULATE MATTER (1997).
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role in triggering heart attacks among the elderly."5 The data suggest
that fine particulate, which EPA did not regulate explicitly until
recently, plays a major role in these problems. 6 Health researchers
have associated carbon monoxide with various types of neurological
symptoms, such as visual impairment, reduced work capacity,
reduced manual dexterity, poor leaming ability, and difficulty in
performing complex tasks.'7
The same pollution problems causing current urban health
problems also contribute to long lasting ecological problems. Ozone
harms crops and trees.' 8 These harms affect ecosystems and future
generations. Similarly, particulate precursors, including nitrogen
oxide and sulfur dioxide, contribute to acid rain, which is not easily
reversible. To address these problems, Agenda 21 recommends
the adoption of national programs to reduce health risks from air
pollution, including urban air pollution.' 9 These programs are to
include development of "appropriate pollution control technology.
for the introduction of environmentally. sound production
processes. 2 ° It calls for this development "on the basis of risk
assessment and epidemiological research."'" It also recommends
development of "air pollution control capacities in large cities
emphasizing enforcement programs using monitoring networks as
appropriate. 22
A second principle, the precautionary principle, provides
support for the first. As stated in the Rio Declaration, the precau-
tionary principle means that "lack of full scientific certainty shall not
15 Id.
16 Id.
17 FINDINGS, supra note 7, at 12.
18 NRC, supra note 9, at 37-38.
19 Agenda 21, supra note 1, at 6.40 & 6.41 (A).
20 Agenda 21, supra note 1, at 6.41 (a)(i). I have edited out this provisions
reference to "suitable safe mass transport," because another chapter of this book
devotes itself to transportation. This topic, however, has great relevance to air
quality.
21 Agenda 21, supra note 1, at 6.41 (a)(i).
22 Agenda 21, supra note 1, at 6.4 1(a)(i) & 6.41(a)(ii).
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be used as a reason for postponing cost-effective measures to prevent
environmental degradation" when "there are threats of serious or
irreversible damage."23 Thus, lack of complete certainty about the
adverse environmental and human health effects of air pollutants does
not, by itself, provide a reason for tolerating them. Put differently,
governments need to address air pollution on a precautionary basis to
ensure that humans can life a healthy and productive life.
Agenda 21 thus establishes as an objective of eliminating
"unacceptable or unreasonable" risks from air pollution. "to the
extent economically feasible."24 This suggests that some risks are
unreasonable or unacceptable and must be eliminated regardless of
costs, while other and less serious risks should be reduced only to the
extent of cost effectiveness. To achieve this objective, Agenda 21
recommends a wide range of risk reduction options as well as life-
cycle analysis.25 Agenda 21 calls for actions reducing toxic pollution,
and thus toxic air emissions, "as appropriate. ,26
The third principle is "intergenerational equity", which means
that the "developmental and environmental needs of present and
future generations" should be met in an equitable manner.27 Air
pollution can damage our future in several ways. Some pollutants
discharged today have consequences for future generations. Tech-
nological patterns can prove unsustainable because they commit us to
air pollution that harms future generations. Thus, intergenerational
equity would suggest that new or growing threats from air pollution
should be prevented or minimized. Coupled with the first principle,
ensuring that humans live a healthy and productive life in harmony
with nature, intergenerational equity also suggests the importance of
reducing existing levels of air pollution over time as part of the
overall development process.
23 Rio Deci., supra note 2, at princ. 15.
24 Rio Decl., supra note 2, at princ. 15.
25 Rio Decl., supra note 2, at princ. 15.
26 Rio Decl., supra note 2, at princ. 15. See also Agenda 21, supra note 1,
at para. 19.49.
27 Rio Decl., supra note 2, at princ. 3.
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Fourth, nations are to "ensure that activities with their
jurisdiction or control do not cause damage to the environment of
other States. ..28 This principle existed as a customary principle of
international law prior to the Earth Summit.29 Thus, in addition to
ensuring that its present and future citizens are protected from the
adverse effects of air pollution, the United States must also ensure
that its air polluting activities do not damage other countries. This
responsibility to other countries is relevant to acid rain, toxic air
pollutants, stratospheric ozone depletion, and climate change.
Acid rain stems from emissions of sulfur dioxide and
nitrogen oxides.3" Acidic deposition of these air pollutants harms
ecosystems.3' More specifically, acid deposition kills trees, vegeta-
tion, fish, and other organisms.32 Acid rain has killed off several
aquatic ecosystems in the United States and Canada, and ecological
damage from acid rain has proven difficult to reverse.33 This problem
also provides an example of how air pollution harms future genera-
tions. Acidification may make it impossible for future generations to
enjoy the lakes, streams, and forests that previous generations have
enjoyed.
The customary international law obligation not to harm the
environment of another state, recognized in the Rio Declaration,
apparently requires thorough control of emissions contributing to acid
rain.34 In addition, a key objective of Agenda 2 I's program of action
28 Rio Decl., supra note 2, at princ. 2.
29 PATRICIA W. BIRNIE & ALAN E. BOYLE, INTERNATIONAL LAW & THE
ENVIRONMENT 89 (1992) (characterizing this principle as "beyond serious
argument").
30 GOVERNMENT ACCOUNTING OFFICE, ACID RAIN: EMISSIONS TRENDS AND
EFFECTS IN THE EASTERN UNITED STATES 3 (2000) [hereinafter GAO].
31 Id.
32 Id. at 26.
33 Id. at 18.
34 BIRNIE & BOYLE, supra note 29, at 92 (interpreting the prevention of harm
principle to require controls "capable of effectively protecting other states and the
global environment").
2002-2003]
32 BUFFALO ENVIRONMENTAL LAW JOURNAL [Vol. 10
for transboundary pollution35 is developing and applying pollution
control measures.36 The recommended activities heavily emphasize
cooperation and information exchange. 3' But this emphasis on
cooperation includes implementing "programmes identifying specific
actions to reduce emissions., 38 Since Canada has a long-standing
concern with United States emissions contributing to environmental
degradation in both countries, this reference seems to require some
United States action addressing the problem.
This principle of avoiding transboundary harms may apply to
some toxic air pollutants as well. Air pollution has spread some of
these pollutants far and wide, causing significant health concerns
even in the remote Arctic. 39 This has led to a convention to phase out
persistent organic pollutants,4" which the United States has signed.
Our knowledge of toxic pollutants' effects is extremely limited. A
large number of them may disrupt the endocrine system, which
governs reproduction.4 If this is correct, then toxic chemicals may
play a role in creating various reproductive disorders, including birth
defects, low sperm counts, and infertility.42 Many chemicals are
35 Agenda 21, supra note 1, at 9.25.
36 Agenda 21, supra note 1, at 9.27.
37 Agenda 21, supra note 1, at 9.27 & 9.28.
38 Agenda 21, supra note 1, at 9.27, 9.28 & 9.28(d).
39 David J. Tenenbaum, Northern Overexposure, 106 ENVTL HEALTH PERSP.
A64 (1998); Ivan C. Burkow & Roland Kallenborn, Sources and Transport of
Persistent Pollutants to the Artic, ToxICOL. LETT. (Mar. 15, 2000); Hing Man
Chan, et al., Assessment ofDietary Exposure to Trace Metals in Baffin Inuit Food,
103 ENVTL HEALTH PERSP. (1995). Cf William A. Galster, Mercury in Alaskan
Eskimo Mothers and Infants, 15 ENVTL HEALTH PERSP. 135 (1976) (concluding
that mercury levels are not dangerous in Anchorage, but contrasting this with other
data).
40 Stockholm Convention on Persistent Organic Pollutants, May 22, 2001,
40 I.L.M. 532.
41 THEO COLBURN, DIANNE DUMANOSKI, & JOHN PETERSON MYERS, OUR
STOLEN FUTURE: ARE WE THREATENING OUR FERTILITY, INTELLIGENCE, AND
SURVIVAL?- A SCIENTIFIC DETECTIVE STORY 252-53 (1996).
42 Id. at 26, 49-51,115, 154-55, 180-81,231-234.
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known to disturb reproduction of various species.43 Reproductive
toxicity often has intergenerational consequences, with exposure of
one generation to pollution causing defects in its offspring, which
may in term affect the third generation." Agenda 21, perhaps recog-
nizing that persistent pollutants pose special risks of irreversible
transboundary harms, mentions them as potentially appropriate
targets for risk reduction programs.45 In several places, it singles out
pollutants that are "toxic, persistent, and bio-accumulative."46
The release of a number of very stable chemicals, including
chlorofluorocarbons (CFCs), deplete the stratospheric ozone layer and
cause adverse effects in other countries. In particular, a thinning
ozone layer lessens atmospheric protection against ultraviolet
radiation.47 This thinning increases risks of skin cancer and cataracts,
and disrupts ecosystems as well.48 Agenda 21 thus contains a section
on preventing stratospheric ozone depletion,49 which emphasizes the
need to ratify and properly implement the Montreal Protocol on
Substances that Deplete the Ozone Layer 0 and its amendments.
Essentially, the Montreal Protocol and its amendments establish an
international system for phasing out the production and use of these
chemicals over time in both developed and developing countries.
The emission of greenhouse gases can also cause adverse
effects in other countries, including the effects of warmer surface
temperatures and rising sea levels. Although the emission of these
gases is addressed in another chapter, it is important to recognize that
most sources of conventionally regulated air pollutants are also
sources of greenhouse gases such as carbon dioxide that are not
directly regulated under current law.
43 Id. at 253.
Id. at 11-28.
45 Agenda 21, supra note 1, at 19.44 & 19.49.
46 Agenda 21, supra note 1, at 19.44, 19.49 & 19.44(b), (c).
47 FINDINGS, supra note 7, at 22.
48 FINDINGS, supra note 7, at 22.
49 FINDINGS, supra note 7, at 22. Agenda 21, supra note 1, at 9.24.
50 Sept. 16, 1987, 26 I.L.M. 1550 (entered into force Jan. 1, 1989).
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The fifth principle is that countries "should reduce and
eliminate unsustainable patterns of production and consumption."'I
In the context of air pollution, this principle provides a guidepost for
implementing the others. If people are to live healthy and productive
lives, if we are to err on the side of precaution in setting tolerance
levels for air pollution, if we are achieve intergenerational equity and
end transboundary harms from air pollution, then we need to reduce
or eliminate production and consumption patterns that lead to air
pollution in the first place. Somewhat similarly, Herman Daly defines
sustainable development as development that does not increase the
"throughput" of resources.5" Reduction of throughput would result in
both more efficient production and less air pollution.
The elimination of unsustainable production and consumption
patterns requires use of a final principle-integrated decision
making. 3 The essential ideas here are to ensure that air quality
considerations are incorporated into the decision making process in
production and consumption decisions, and that air quality goals are
achieved as part of those decisions. As these last two principles
suggest, sustainable development requires a holistic and comprehen-
sive approach to air quality, and one that is incorporated into decision
making for production and consumption decisions from the start.
The discussion to this point, by contrast, has assumed an
atomistic approach to air pollution. It treated each pollutant (or at
least each class of pollutants) as an isolated phenomena and focusing
upon its effects, including those on future generations and
ecosystems. Sustainable development, however, focuses upon
development-how we provide for our economic and social needs
and desires. We employ technologies to meet our needs and desires,
but these technologies also produce the air pollution problems
addressed here. Once one focuses upon the economic activities that
51 Rio Decl., supra note 2, princ. 8.
52 HERMAN E. DALY, BEYOND GROWTH (1996). He distinguishes between
economic development, which he favors, and economic growth, which he basically
opposes.
53 Rio Decl., supra note 2, princ. 4.
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produce air pollution, the problem becomes much simpler and more
holistic.
The overwhelming majority of the air pollution this part
describes, in all of its myriad forms, comes from a single class of
activities-burning fossil fuels. We bum massive amounts of coal in
order to generate electricity. We refine gasoline and then bum it in
automobiles and other kinds of engines. In 1999 non-vehicle fuel
combustion accounted for 39% of nitrogen oxide54 and 85% of sulfur
dioxide emissions." Vehicles account for 78% of nationwide carbon
monoxide, 47% of volatile organic compounds, and 56% of nitrogen
oxides. 6 Fossil fuel consumption accounted for 82 percent of the
global warming potential weighted emissions of greenhouse gases in
the 1990s, the gases that contribute to climate change. 7 Carbon
dioxide emissions from fossil fuel combustion are almost evenly
divided between industrial uses, transportation, and residential and
commercial buildings, with electric utilities (which bum energy used
for both industry and buildings) contributing about 3 6% of the carbon
dioxide. 8 In short, while air pollution has a large variety of sources,
fossil fuel burning accounts for a large percentage of the problem.
Several generations have passed since urban smog (largely a
byproduct of fossil fuel-based transportation and production) began
to reach levels that seriously harmed city residents. Yet the same air
pollution problems that have sent thousands to the emergency room
every summer can do the same to our children and our children's
children. Furthermore, the ecosystem destruction that these same old
pollutants continue to contribute to year after year may undermine the
web of life upon which we depend. The same basic activities also
54 TRENDS, supra note 6, at 26.
55 TRENDS, supra note 6, at 63.
56 TRENDS, supra note 6, at 63.
57 UNITED STATES EPA, INVENTORY OF U.S. GREENHOUSE GAS EMISSIONS
AND SINK: 1990-1999 at ES-3 n. 6 (2001). Carbon dioxide from fossil fuel
combustion alone accounted for 80% of weighted emissions. Id. at ES-3.
58 Id. at ES-15 (Industrial end-use sector 33 percent, transportation, 31
percent, residential and commercial end uses 35%).
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commit us to irreversible global climate change, which will also have
huge impacts upon future generations. If the technological base
remains the same, the pollution problems these technologies generate
will tend to persist. This implies that changing the technologies that
imperil future generations provides immediate short-term benefits. It
also means that each unit cost incurred in reducing reliance upon
fossil fuels, generates very large benefits if viewed comprehensively
through integrated planning and decision making.
Thus, for example, Agenda 21 recognizes the central role that
the energy sector plays in creating a variety of air pollution problems.
As a result, one objective of Agenda 21 is reducing "adverse effects
on the atmosphere from the energy sector" through, among other
things, the increased use of renewable energy and energy efficiency.59
59 See e.g. Agenda 21, supra note 1, at 9.9. The language of Agenda 21
includes a qualifying phrase, "as appropriate." This language does not exempt the
United States from Agenda 21's call to increase renewable energy and efficiency
when read in context. The same paragraph lists factors that might make particular
means of increasing renewable energy or even introducing efficiency inappropriate.
This list does not negate Agenda 2 1's call for sustainable energy policy, but instead
suggests that the means chosen to introduce efficiency and renewable energy
should be equitable and consistent with the provision of adequate energy supplies.
Furthermore, by recognizing that the objective should reflect the need to increase
"energy consumption in developing countries," Agenda 21 implies that the desire
to increase energy consumption does not furnish a reason to forego use of
efficiency and renewable energy in developed countries. The paragraph also
admonishes countries to "take into consideration the situations of countries that are
highly dependent" upon fossil fuels, but this language seems to have in mind
countries that have few other resources other than oil, rather than a diversified
modem economy like that of the United States. At any rate, any reading of this
objective as allowing a developed country to forego substantial change entirely
would improperly make the paragraph describing the objective inconsistent with
the ensuing commitments to activities. For Agenda 21 goes on to recognize, in less
qualified terms, that "governments ... should ... promote the ... use of...
environmentally sound energy systems, including ... renewable energy systems."
Id. 9.12. The chapeau of this paragraph uses the "appropriate" language that
qualifies the objective of introducing renewable energy and improving efficiency.
But it does not use that language to qualify the degree of commitment to renewable
energy. Rather, the chapeau, read in conjunction with subparagraph (d), states that
AIR QUALITY
Agenda 21 also calls on governments to "promote appropriate energy
efficiency and emission standards or recommendations, aimed at the
development and use of technologies that minimize adverse impacts
on the environment."6 Together these sections suggest that the
United States should not continue current patterns of fossil fuel con-
sumption, if they are unsustainable.
In short, air pollution poses a critical challenge to sustainable
development. The Rio Declaration supplies several demanding
principles that apply to air pollution problems-the right to a healthy
and productive life in harmony with nature, the precautionary prin-
ciple, intergenerational equity, avoidance of transboundary harms,
reduction and elimination of "unsustainable patterns of production,"
and integrated decision making. Agenda 21 requires a series of
actions on particular air pollution problems aimed at these goals.
Assessing Progress Toward Sustainable Development
This part reviews progress in reducing air pollution and in
moving toward more sustainable technology. In general, this
assessment will show that the United States has carried out may of the
types of activities that Agenda 21 calls for, but it has often not
achieved the goals that the Rio Declaration suggests for these
activities. We have generally failed to substitute clean sustainable
technologies for the basic dirty technologies in effect when the
modem Clean Air Act was passed more than 30 years ago.
"Governments at the appropriate levet' should promote renewable energy. This
merely acknowledges that different levels of government may bear this
responsibility. This chapeau also uses the "as appropriate" phrase, but does so to
qualify the obligations of intergovernmental, non-governmental, and private
sectors. Id. This qualification does not apply to the commitments of national
governments.
60 Agenda 21, supra note 1, at 9.9 & 9.120).
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Pollution Trends
A brief summary of what the emission trend data show at the
outset will prove helpful. The United States has reduced emissions
contributing to acid rain and urban air pollution, with the exception
of nitrogen oxides. Nevertheless, the United States has failed to meet
the ambitious goals implicit in the Rio Declaration that should limit
acid rain and urban air pollution, namely the goals of granting all
human beings a healthy and productive life and to avoid damage to
the environment of other states.6 With respect to urban air pollution
the United States has failed to meet Clean Air Act requirements
governing the scope and timing of reductions. On the other hand, the
United States has probably met its obligations respecting ozone
depleting chemicals. The United States has increased rather than
decreased greenhouse gas emissions.
Since 1970, the Clean Air Act has required the EPA to set
primary national ambient air quality standards (NAAQS) to protect
public health.62 It must also adopt secondary standards protecting the
environment.63 These standards apply to six "criteria" pollutants-
lead, sulfur oxides, nitrogen oxides, ozone, particulate, and carbon
monoxide. Cost considerations play no role in setting these standards.
Generally, the EPA has set secondary standards identical to the
primary standards. These NAAQS serve as mandatory goals for state
pollution control programs, and as a straightforward means of
measuring the effectiveness of the act in achieving air quality.
The Clean Air Act establishes two primary means of meeting
these air quality standards-state implementation plans and motor
vehicle emission standards. States must adopt pollution control
measures to meet these standards. The 1990 Amendments extended
deadlines for the states to meet these standards and developed firm
timetables for states to enact specifically-listed pollution control
measures, state-chosen measures to meet numeric interim reduction
61 Rio Decl., supra note 2, at princ. 1, 2.
62 Whitman v. American Trucking Ass'ns, 121 S.Ct. 903, 908 (2001).
63 Id. at 911, n. 3.
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goals, and ultimately a full package of control measures designed to
fully meet these standards.64 Significantly, the Clean Air Act
distinguishes between new and existing stationary sources of air
pollution, subjecting new sources to much more stringent standards
under a set of federally-imposed technology-based regulations called
New Source Performance Standards. In general, existing sources are
subject to whatever regulation state officials believe to be needed to
meet air quality standards.
Federal regulation of automobile emissions is directed at the
same pollutants, and is intended to help ensure compliance with these
standards. In 1970, Congress required the EPA to update new vehicle
emission standards and gave it authority to revise these standards later
on.65 Since then, Congress has largely preempted state regulation of
vehicle emissions.66 It has, however, exempted California from this
prohibition and allowed other states to copy California standards.67
This reflects California's history of both unusually difficult air quality
problems and leadership in addressing air pollution. A major reason
that Congress needed to pass the 1990 Amendments was that growth
in vehicle use had increased pollution. This increase in vehicle use
partially offset the progress that the EPA had made through more
stringent tailpipe standards.68
By the time of the 1990 Amendments, almost every area in
the country had met the standards for lead, sulfur oxides, and nitrogen
oxides. But the failure to achieve the standards for ozone, particulate,
and carbon monoxide has left approximately 100 million people prey
to unhealthy air quality, under now outdated views about what
constitutes unhealthy air.69
64 42 U.S.C. § 751 Ia.
65 42 U.S.C. § 7521.
66 42 U.S.C. § 7543(a).
67 42 U.S.C. § 7507.
68 Arnold W. Reitze, Mobile Source Air Pollution Control, 6 ENVTL LAW.
309,316,438 (2000).
69 TRENDS, supra note 6, at 76. This estimate does not include people
exposed to unhealthy levels of fine particulate, which represents a serious health
threat.
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Since 1992, efforts to address "urban air pollution" have
reduced emissions, in spite of strong economic growth and growing
population. In particular, carbon monoxide declined by 2%, volatile
organic compound emissions (an ozone precursor) by 13%, particu-
late matter of 10 microns or less by 13%, particulate matter of 2.5
microns or less by 7 %, and hazardous air pollutants for sources
reporting to the toxic release inventory by 39% between 1992 (the
year of the Earth Summit) and 1999 (the year of the most recent
available data)." Tropospheric ozone declined by only 4% between
1990 and 1999, probably because NOx emissions (another ozone
precursor) increased rather than decreased." These reductions, while
significant, fall short of the requirements of the Clean Air Act and do
not fully protect the right to a healthy life recognized in the Rio
Declaration.
If the EPA makes the air quality standards more stringent, as
it proposed to do several years ago, the Clean Air Act may deliver
further benefits in the future. EPA recently reviewed new data on the
health effects of particulate and ozone. That data showed that
particulate and ozone causes significant amounts of death and illness
even at levels below the standards in effect at the time of the Earth
Summit. Accordingly, EPA, as required by the Clean Air Act, revised
the NAAQS for these pollutants and established a new standard for
fine particulate. The Supreme Court subsequently rebuffed an
industry request that the Court either declare the Act's directive to
protect public health unconstitutional or rewrite the Act to permit
standards not protecting public health when costs appear high."
70 TRENDS, supra note 6, App. A. Much of this data is imprecise, because of
a lack of comprehensive monitoring. The information respecting hazardous air
pollutants represents reporting by a small subset of toxic emitters (albeit ones with
especially large emissions) using estimation methods of the operators' choosing.
EPA, Toxic RELEASE INVENTORY 1999: EXECUTIVE SUMMARY, E- 10-11 (2001).
71 FINDINGS, supra note 7, at 6.
72 Whitman v. American Trucking Ass'ns, 121 S. Ct. 903, 907-914 (2001).
The author represented the United States Public Interest Research Group Education
Fund before the Court.
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But the Supreme Court affirmed a remand from the Court of
Appeals on narrower grounds.73 So, the EPA must at least revise its
justification for the standards before they go into effect.
These revised standards, if the Bush Administration allows
EPA to promulgate them, will probably bring about further progress
for several reasons. First, while EPA has regularly illegally excused
states from full compliance with the law, EPA has historically
insisted on some state movement toward compliance.74 Stricter
standards then, should produce some forward movement from the
states. Furthermore, the revised standards promise to ameliorate a
political difficulty that had complicated EPA enforcement of the
NAAQS in effect at the time of the Earth Summit. Some areas in the
Midwest had declined to clean-up emissions that contributed to poor
air quality in the eastern states." This influx of dirty air made it
difficult, if not impossible, for the eastern states to achieve the
NAAQS.76 Some of these Midwestern areas had themselves met the
NAAQS. 77 While the Act requires states to avoid frustrating other
states efforts to meet the NAAQS,78 political will to do so tends to
disappear once a source state appears to have protected the health of
its citizens adequately. The revised standards reflect new health data
showing that several Midwestern areas that had been deemed
compliant, have not, in fact, adequately protected the health of their
73 American Trucking Ass'ns, 121 S. Ct. at 914-919. Rulings of the Court
of Appeals not reviewed in the Supreme Court also required a remand. See
American Trucking Ass'ns v. Browner, 175 F. 3rd 1027, 1051-55 (D.C. Cir. 1999),
modified on petition for rehearing en banc, 195 F.3rd 4, partially reversed sub.
nom. Whitman v. American Trucking Ass'ns, 121 S. Ct. 903 (2001).
74 See e.g. Finding of Significant Contribution and Rulemaking for Certain
States in the Ozone Transportation Assessment Group Region for Purposes of
Reducing Regional Transport of Ozone, 63 Fed. Reg. 57356 (Oct. 27, 1998).
75 See generally id.
76 Richard Perez-Pena, Possible US. Withdrawal Clouds Pollution Law-
suits: Bush Administration Debates Clean Air Stance, N.Y.TMES, Aug. 20,2001,
at A-I.
77 TRENDS, supra note 6, at 76 (map of ozone non-attainment areas).
78 42 U.S.C. § 7426.
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citizens. This will make it politically easier for these states to limit
emissions damaging many states' compliance efforts.
Since 1990, then, substantial progress has occurred in meeting
air quality standards, but only relatively clean areas have achieved the
health-based standards for ozone, particulate, and carbon monoxide
at the same time.79 If we interpret the Agenda 21 call to "develop air
pollution control capacities in large cities" to reflect a serious effort
to meet the Rio Declaration's goal of providing a healthy and
productive life to each individual, the United States has fallen short.
Many individuals suffer premature death and significant health
impairment at current pollution levels. EPA responded to pressure
from the states and Congress by repeatedly, and illegally, extending
mandatory statutory deadlines for state compliance with the law."0
The pressure to avoid strict compliance with the law has prevented
the full protection of public health that the Act aims to achieve.
With respect to acid rain, a significant transboundary issue,
the United States record is mixed. On the one hand, the United States
has carried out a substantial program of measures to address this
transboundary issue." The 1990 Amendments to the Clean Air Act
required a federal program to limit sulfur dioxide and nitrogen oxide
emissions from electric utilities.8 2 Congress assigned a fixed number
of sulfur dioxide allowances to every major unit generating electricity
in the country.83 It mandated reductions in the total mass of pollution
from those sources, a decline in the amount of allowances these
sources could possess. It then authorized utilities to trade allowances
79 Cf. TRENDS, supra note 6, at 16 (noting that only Southern California
violated CO standards in 1999).
so Thomas 0. McGarity, Missing Milestones: A Critical Look at the Clean
Air Act's VOC Emission Reduction Program in Nonattainment Areas, 18 VA.
ENVTL L. J. 41 (1999).
81 Byron Swift, Command Without Control: Why Cap-and-Trade Should
Replace Rate Standards for Regional Pollutants, 31 ENVTL L. REP. 10330(2001).
82 42 U.S.C. §§ 7651-7651o.
83 42 U.S.C. § 765 1c.
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amongst themselves.8 4 Thus, for example, one utility could reduce its
emissions below the required amounts and sell the excess allowances
to another utility. That utility could buy these allowances and decline
to reduce its own emissions. It would rely on the possession of
allowances reflecting extra emission reductions from another utility
to satisfy its emission reduction obligation. This approach can
produce the same amount of total pollution reduction as a traditional
regulation, while providing cost savings to each electric utility
involved in trading. 5 These cost savings occur because compliance
control costs frequently are uneven.86 Operators will most likely
generate extra reductions from units that have low compliance costs.
Operators will acquire allowances in lieu of making reductions, when
operators can acquire allowances more cheaply than they can generate
them at a given unit.
Utilities reduced emissions by 8 million tons during the first
phase of the program, which now is coming to its conclusion.87
Indeed, utilities have cleaned up more quickly than the underlying
emission limits require. They have done so in order to avoid more
stringent reductions in a second phase beginning this year.89 As a
result, overall emissions of sulfur dioxide from all sources have
declined by 17% between 1992 and 1999.90
The acid rain title also requires rather modest reductions in
nitrogen oxide emissions from electric utilities." In spite of these
84 Brennan van Dyke, Emissions Trading to Reduce Acid Deposition, 100
YALE L. J. 2707 (1991).
85 See generally David M. Driesen, Is Emissions Trading an Economic
Incentive Program?: Replacing the Command and Control/Economic Incentive
Dichotomy, 55 WASH. & LEE. L. REv. 289, 312 (1998); J.H. DALES, POLLUTION
PROPERTY AND PRICES, 92-100 (1968).
86 Driesen, supra note 85, at 312.
87 Swift, supra note 81, at 10330-331.
88 Swift, supra note 81, at 10331.
89 Swift, supra note 81, at 10331 (discussing banking of credits for later
use).
90 TRENDS, supra note 6, App. A.
91 Swift, supra note 81, at 10332-334.
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requirements and some more stringent state requirements,92 nitrogen
oxide emissions increased by 1% between 1992 and 1999.
Unfortunately, the 1990 Amendments continue to rely upon
rate-based standards for NOx. 93 Unlike the mass-based standards for
sulfur dioxide (standards that limit the total mass of emissions), rate-
based standards (standards that only limit the emissions per unit of
activity) permit increases in economic activity to raise the mass of
emissions.94 While new regulations of emissions from vehicles may
help, growth in vehicle use might limit or completely overwhelm the
improvements.95
In spite of the successful implementation of the first phase of
reductions required by the acid rain title of the 1990 amendments, this
program has not fully met the goals the Rio Declaration suggested for
transboundary programs. The acid rain program has not stopped
transboundary harms and has not fully protected the ecosystem.96
While the program involves a second phase that should produce
further reductions, this phase will not likely fully protect the
ecosystem either.
Indeed, the program furnishes an object lesson in the difficul-
ties involved in reversing ecosystem damage. While emissions of
sulfur dioxide have come down, ecosystems have been very slow to
92 Swift, supra note 81, at 10334-335.
93 Swift, supra note 81, at 10332-334.
94 Swift, supra note 81, at 10333.
95 Nitrogen Oxide Vehicle Emissions May Grow Despite New Emission
Limits, Engineer Says, 32 ENVTL. REP. 1269 (June 29, 200 1).
96 GAO, supra note at 30, at 18-20.
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recover.97 Most lakes killed off by acid rain remain dead and other
ecosystems remain damaged. It's now clear that more substantial
reductions will be needed to allow ecosystems to recover. 98
The 1990 Amendments require EPA to require the maximum
achievable emission reductions for all major sources of toxic air
pollution, which has both domestic and transboundary conse-
quences. 99 A second phase requires EPA to eliminate residual risk,
producing an adequate margin of safety against possible health
effects.' EPA has fallen behind in implementing the first phase
program, but still promulgated many more regulations than in the first
twenty years of federal toxics regulation.' EPA has generally written
rather weak emission limits, falling short of the law's stringent
requirements.'02 Nevertheless, the program may have secured wide-
spread, albeit modest, reductions in emissions.'03
97 Charles T. Driscoll et al., Acidic Deposition in the Northeastern United
States: Sources and Inputs, Ecosystem Effects, and Management Strategies, 51
BIOSCIENCE 180, 186-187 (discussing continuing release of previously deposed
sulfur to water and increased toxicity to aquatic organisms), 193-194 (while some
chemical recovery has occurred, biological will require decades) (2001).
98 Cf Jack T. Tessier, Raymond D. Masters, and Dudly J. Raynal,
Atmospheric deposition changes across New YorkState and adjacent New England
following implementation of the 1990 Clean Air Act Amendments (forthcoming)
(controls have been effective in reducing sulfur deposition).
99 42 U.S.C. § 7412(d).
100 42 U.S.C. § 7412(0(2).
101 40 C.F.R. pt. 61, 63.
102 Cement Kiln Recycling Coalition v. Environmental Protection Agency,
2001 WL 826523 (D.C. Cir. 2001). While this case only adjudicated the legality
of one particular rule, the stringency problems that motivated reversal in this rule
exist in many other EPA rules under 42 U.S.C. § 7412(d).
103 This assessment must remain tentative, because EPA does not collect
reliable data about baseline emissions prior to regulation and emissions afterwards.
While EPA's regulations probably required reductions in some states with weak
toxics programs, thereby decreasing reductions, imposition of weak requirements
in states with strong regulations can actually lead to emission increases. Many
states have laws in place forbidding state promulgation of emission limits stricter
than federal requirements. See James M. McEflish, Jr., Minimal Stringency:
Abdication of State Innovation, 25 ENVTL. L. REP. 10,003 (Jan. 1995), and, even
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By contrast, the United States has generally made substantial
progress toward sustainable development goals for stratospheric
ozone depletion. It has ratified the Montreal Protocol and subsequent
amendments and virtually ended production of CFCs, carbon
tetrachloride, methyl chloroform, and halons. "4 It has also scheduled
phase-out of hydrochlorofluorocarbons and methyl bromide." 5
The climate change chapter shows that rising greenhouse gas
emissions constitute a major failure to move toward sustainable
development, to avoid transboundary impacts, and to protect health and
the natural environment. This failure has also made a large contribution
to shortcomings in avoiding acid rain and urban air pollution.
Generally, the United States has carried out a program in
keeping with the requirements of Agenda 21. With the exception of
the effort to address stratospheric ozone depletion, U.S. efforts have
not met the goals of the Rio Declaration to create a right to a healthy
and productive life, to avoid transboundary harms, to live "in
harmony" with nature, and to achieve sustainable development.
Movement Toward Sustainable Technology
This subpart evaluates progress toward sustainable develop-
ment by examining movement toward sustainable technology. The
United States has made only very modest progress toward deploy-
ment of sustainable technology. It has made substantial technological
changes in sectors once served by ozone depleting chemicals, some
in the absence of such requirements, political pressures can make lax federal limits
a source of leverage for lifting stringent state requirements.
104 FINDINGS, supra note 7, at 23; 40 C.F.R. §§ 82.6, 82.7; 82.270 (2000).
10S 42 C.F.R. §§ 82.6,82.7 (2001); 42 U.S.C. §§ 7671a(b), 767 ld(b). Cf Lee
Anne Duval, The Future of the Montreal Protocol: Money and Methyl Bromide,
18 VA. ENVTL. L. J. 609 (1999) (arguing that developed countries have failed to
meet a legal obligation to fund developing country phase out of methyl bromide).
EPA, however, has not completed implementation of the phase-out of HCFCs. See
Protection of Stratospheric Ozone: Allowance System For Controlling HCFC
Production, Import, and Export; Proposed Rule, 66 Fed. Reg. 38064 (July 20,
2001).
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progress with respect to sustainable vehicle technology, thanks to
California's low emission vehicle program, but almost no progress in
changing how we generate electricity. While new electric generating
facilities that are built and operated to meet increased demand tend to
rely on less polluting fuels, particularly natural gas, less efficient and
more polluting electrical generating plants that were operating in
1970 continue to operate.
The United States has moved to more sustainable patterns of
production for refrigeration, solvents, and other applications that prior
to the Earth Summit depended heavily upon ozone depleting
substances. 06 In these areas, the United States has unleashed substan-
tial technological change, including some very simple changes, such
as substituting soap and water for CFCs, and some more complicated
ones, eliminating CFCs, but substituting substances with less severe,
but still real, environmental downsides."°7
The first part of this chapter explained that vehicle emissions
and other fuel combustion (e.g. power plant emissions) contribute the
overwhelming majority of emissions causing many of our most
serious air pollution problems. Hence, movement toward sustainable
development should include departures from existing technologies
toward more sustainable ones for vehicles and power plants. These
should not be the only areas where movement toward sustainable
technologies would be desirable, but these particular technologies
scream out for sustainable change.
Little change has occurred in the power sector. The United
States continues to rely predominantly upon coal-fired power produc-
tion, a very dirty energy source contributing to acid rain, climate
change, and urban air pollution, just as it did prior to the Earth
106 OZONE DEPLETION IN THE UNITED STATES: ELEMENTS OF SUCCESS
(Elizabeth Cook, ed. 1996) [hereinafter OZONE DEPLETION].
07 Id. at 14-15, 23-26, 58-60, 90-94, 98-104, 109. For example, some
companies have substituted HCFCs for CFCs. HCFCs deplete the ozone layer,
albeit less severely than CFCs. While some of the substitutes for CFC-based
solvents are benign, many are toxic.
2002-2003]
48 BUFFALO ENVIRONMENTAL LAW JOURNAL [Vol. 10
Summit.'0 8 Some renewable technologies, such as wind power, fuel
cells, and solar power, have the potential to produce power with no
direct air pollution at all. 9 While some experimentation and growth in
renewable energy has occurred, renewable energy still accounts for only
about 11% of electricity generation.110 Moreover, it has generally
supplemented, rather than supplanted, coal-fired generation.
The greatest change in electricity generation has been a 30%
increase in natural gas use between 1992 and 1999.1' Indeed, most
new power plants being built today rely upon natural gas, which is a
much cleaner fuel than coal." 2
Similarly, we remain dependent upon the internal combustion
engine, which bums petroleum, thereby contributing significantly to
urban air pollution and climate change. Recently, however, this has
begun to change. California established a low emissions vehicle
(LEV) program that sets strict standards for new vehicle emissions
from cars sold in California. ' 3 This program includes significant
reductions of emissions that effectively force significant technological
change, culminating in a mandate to sell some zero emission vehicles.
This zero emissions mandate only applies to a small portion
of the vehicle fleet. It has triggered substantial movement in car
technology, but, unless expanded greatly, may not influence the great
majority of vehicle production. A zero emission requirement
probably requires an electric vehicle. Reducing the cost and weight
of batteries poses an enormous technical challenge for such vehicles.
Fuel cells offer another potential way of meeting a zero emissions
standard. Vehicle manufacturers have also invested in developing
108 ENERGY INFORMATION ADMINISTRATION, ANNUAL ENERGY REVIEW 1999,
TABLE 8.2 (showing coal as providing more than 50% of electricity generation).
109 Information available at http://www.powerscorecard.org/tech-detail.cfm
?resourceid=1 1 and http://www.powerscorecard.org/tech-detaii.cfm?resourceid=9.
110 ld.
III Id. Natural gas use shot up further in 2000. See ENERGY INFORMATION
ADMINISTRATION, MONTHLY ENERGY REVIEW TABLE 7.2 (June, 2001). Indeed,
measured from 1992 to 2000, natural gas use increased by 43%.
11 ELI, supra note 13, at 4.
113 CAL. CODE REGS. tit. 13 § 1960.1(g) (1998).
AIR QUALITY
hybrid vehicles that combine some burning of fossil fuel with electric
power in response to the LEV program." 4
Automobile manufacturers have introduced low emission
vehicles not just in California, but in other parts of the country as
well. Indeed, under the Clean Air Act eastern states may copy
California standards, and several northeastern states have tried to do
so." 5 California by itself, and certainly in combination with some of
the larger eastern states, probably offers a sufficiently large market to
induce manufacturers to redesign some cars for the national market.
But a more thorough change would require that the more demanding
features of the program apply to the entire vehicle fleet.
Critics of the electric vehicle idea point out that electric
vehicles involve increased power production, which implies greater
emissions from power plants. The correct life cycle analysis of the
potential environmental benefits from electric (or hybrid) vehicles
involves (at a minimum) comparing the emissions of electric (or hybrid
cars) with associated power plant emissions to emissions of existing
vehicles with associated emissions from petroleum refineries.
Amazingly, some policy analysts have cited the increased power plant
emissions from electric cars as reasons to oppose them without taking
into account the reductions in emissions from petroleum refineries that
would occur if the fleet began to abandon use of gasoline. The correct
analysis establishes overwhelming environmental advantages for zero
emission vehicles in California."6 While dirtier power generation in
14 For an interesting critique of the automakers' approach, see CLAYTON M.
CHRISTENSEN, THE INNOVATOR'S DILEMMA: WHEN NEW TECHNOLOGIES CAUSE
GREAT FIRMS TO FAIL 188-205 (1997).
11S Virginia v. EPA, 108 F.3d 1397, 1412 & n. 16 (D.C. Cir. 1997), modified,
116 F.3d 499 (D.C. Cir. 1997); Motor Vehicle Mfrs. Ass'n v. New York State
Dep't of Envtl. Conservation, 79 F.3d 1298, 1298 (2d Cir. 1996); American Auto.
Mfrs. Ass'n v. Commissioner, 31 F.3d 18, 18-19 (ist Cir. 1994).
116 FRANCIS CHAPMAN, CHRIS CALWELL, AND DIANE FISHER, WHAT'S THE
CHARGE? ESTIMATING THE EMISSION BENEFITS OF ELECTRIC VEHICLES IN
SOUTHERN CALIFORNIA (1994); PAUL HAWKEN, AMORY LOVINS, L. HUNTER
LOVINs, NATURAL CAPITALISM 22-47 (1999) (explaining the advantages of a hybrid
"hypercar").
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other states may lessen these benefits, they do not eliminate them. And
fuel cells, which might be able to deliver zero emissions as well, do not
create increased power plant emissions. Hybrid vehicles offer very fine
environmental performance with less power plant emissions but more
petroleum refinery emissions than electric cars.
This analysis shows that the federal government banned ozone
depleting chemicals, thus triggering a significant move toward
sustainable technology relevant to protection of the stratospheric
ozone layer. While there has been less movement in the major
production pattern causing air pollution, burning fossil fuel, some
may be in the offing because of the California LEV program. The
major laggard in moving toward patterns that protect future
generations from further climate change, acid rain, and urban air
pollution has been in power production.
Recommendations
We must move away from our dependence upon fossil fuels,
especially fossil fuels that produce such large contributions to acid
rain, global warming, and urban air pollution. As a first step, the
United States should phase out coal-fired power generation, which
supplied 51% of power generated by electric utilities in 1998117 and
expand and strengthen the LEV program in order to replace the
internal combustion engine. Creating a regulatory system capable of
supplanting very basic dirty technologies requires confronting the
question of how to create a more dynamic regulatory system.
Furthermore, EPA must enforce the clean air act against states and
pollution sources and must enhance the monitoring of emissions.
117 ELECTRIC POWER ANNUAL 1999 VOLUME 1, DOE/EIA-0348(99)/I at Table
5 (Aug. 2000).
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The Goal of Supplanting Basic Dirty Technologies
Supplanting coal-fired electricity generation and the inter-
national combustion engine involves simply copying the step that
proved so beneficial in addressing stratospheric ozone depletion,
banning the most problematic production patterns, thereby creating
substantial incentives to move toward more sustainable patterns of
development. The phase out of listed ozone depleting substances
effectively required innovation, since it prohibited the old and
unsustainable patterns of production. 8 The United States made some
use of both taxes on ozone depleters and emissions trading in its
compliance strategies," 9 but the real driver for innovation has been
the decision to ban some very widely used technologies. 2 '
The benefits of phasing out coal-fired power plants would prove
enormous. Existing coal-fired power plants account for 60% of national
sulfur dioxide emissions, 25% of nitrogen oxides, a third of mercury,
thirteen other priority hazardous air pollutants, and 32% of carbon
dioxide.12 ' Power plants contribute substantially to urban air pollution
(including toxics, ozone, and particulate), acid rain, and global warming.
Natural gas power plants, the most economically viable substitute at the
moment, produce much less nitrogen oxides, particulate, mercury, and
carbon dioxide and no sulfur dioxide, 122 This implies that a phase-out of
coal would produce enormous health and environmental benefits.1
2
Because of the enormous contribution of vehicles to air pollution
(detailed above), a phase-out of the internal combustion engine would
likewise produce enormous environmental benefits.
[is See generally OZONE DEPLETION, supra note 106, at 1-2.
119 David Driesen, Choosing Environmental Instruments in a Transnational
Context, 27 ECOLOGY L. Q. 1, 19 (2000).
120 While some analysts have concluded that taxes and trading accelerated the
phase-out, they also note that "the firm phase-out date prompted many users to act
earlier than required by law." OZONE DEPLETION, supra note 106, at 4.
121 ELI, supra note 13, at 2.
122 ELI, supra note 13, at 3-4, 13-14.
123 ELI, supra note 13, at 16 (projecting enormous benefits from just a 50%
reduction in coal).
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While a serious commitment to the Rio Declaration's goals
and Agenda 2 I's call to adopt sustainable technologies requires this
shift, some will resist it on the grounds of cost. Many uncertainties
beset efforts to estimate the costs, because large changes like this tend
to lower existing costs of new technologies. Substitutes for ozone
depleting chemicals, for example, substantially reduced costs. The
United Kingdom replaced 40% of its coal-fired generation with
natural gas plants in the 1990s and experienced a 30% decline in
electricity prices in real terms.2 4 The Environmental Law Institute
has estimated that reducing existing coal-fired generation by 50% in
the year 2010 would produce prices slightly below 1998 levels, while
increasing them .6 cents per kilowatt hours above what they otherwise
would be. 25 While a full phase-out would increase these costs, absent
offsetting innovation, it would also increase benefits.
To be sure, phasing out coal-fired power plants poses political
difficulties. Most technological changes produce winners and losers,
and the losers, coal mine operators and coal miners, will not be
happy.'26 The United States Congress, however, has already dealt
with that general issue in enacting the acid rain program in the 1990
amendments. Since the emissions trading program threatened to
disrupt production of high sulfur coal, the Amendments provided
funding to support miners' transitions to other types of employment.
Similar equitable adjustments could be part of this sort of transition
as well.
To reject this sort of change because of the disruption it might
cause would represent extreme hypocrisy. For the United States
routinely accepts private decisions to innovate that do in old indus-
tries and produce layoffs. Indeed, the United States accepts mergers
that produce massive layoffs and often produce no material benefit to
society.
We accept this sort of disruption for the sake of potential
innovation, because we recognize that innovation provides significant
124 ELI, supra note 13, at 10.
125 ELI, supra note 13, at 10.
126 ELI, supra note 13, at 17.
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material benefits, including new industries with fresh employment
opportunities and new benefits for consumers. Unfortunately, the free
market does not provide adequate incentives to innovate in order to
improve environmental quality, even though innovations improving
environmental quality can provide new jobs and opportunities.'
Since no entrepreneur can make profits by selling a production
method that improves environmental quality at even modest cost to
an unregulated capitalist, the free market provides little incentive for
such socially desirable change. The government, however, can create
such markets by creating demand for environmental innovation.
Phasing out fossil fuel burning would create some demand for
technological change.
Natural gas plants are already cheaper to build and operate
than new coal-fired generation2 8 and the cost of renewable energy has
fallen and will fall further if the government creates an economic
dynamic that encourages advanced technology.'29 The major impedi-
ment to movement from reliance upon coal comes from the vast
existing investment in coal-fired generation. From the perspective of
a producer with significant sunk costs in an existing power plant,
continuation of the status quo looks much more attractive than
change. This leads to arguments that we should wait until these power
plants are retired to make changes, thus avoiding the cost of
abandoning or (more likely) repowering existing facilities. This argu-
ment assumes that coal-fired power plants have a natural life of finite
duration, much like a living organism. In fact, Clean Air Act Amend-
127 THE PRESIDENT'S COUNCIL ON SUSTAINABLE DEVELOPMENT [hereinafter
PCSD], TOWARDS A SUSTAINABLE AMERICA, ADVANCING PROSPERITY,
OPPORTUNITY, AND A HEALTHY ENVIRONMENT FOR THE 21 ST CENTURY 18 (1999);
DAVID M. DRIESEN, THE ECONOMIC DYNAMICS OF ENVIRONMENTAL LAW
(forthcoming 2002).
128 ELI, supra note 13, at 4-5.
129 See e.g. COMMISSION ON SUSTAINABLE DEVELOPMENT ACTING AS THE
PREPARATORY COMMITTEE FOR THE WORLD SUMMIT ON SUSTAINABLE
DEVELOPMENT, ENERGY AND TRANSPORT: REPORT OF THE SECRETARY GENERAL
UN DOC. E/CN. 17/2001 /PC/20 at 4 (price of solar photovotalic modules have come
down about 25 percent).
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ments of 1970, passed more than thirty years ago, contemplated
retirement of production units in the near future. '30 But this retirement
has generally not occurred, because plant owners can replace
equipment as it fails and continue operating in the same basic
technological mode indefinitely.' 3' This has led leading experts on air
quality issues to liken coal-burning power plants to the long-lived
Methuselah of biblical fame.'32 Indeed, most plants today were built
more than twenty years ago,'33 and roughly 20 percent of the United
States power supply comes from plants 40 years of age or older.134
Coal-fired units 20 years of age or older accounted for 85% of the
nitrogen oxide, 97% of the sulfur dioxide, and 92% of the carbon
dioxide emissions from the entire electric utility industry in 1996.'
Government failure to confront and resolve the issue of when to retire
these plants may condemn us to an unsustainable future of serious
climate disruption, continued acid rain, and ongoing urban air
pollution.
In fact, nature will force us to retire these power plants just as
it will eventually force us to abandon all fossil fuels. Because coal
and other fossil fuels are not renewable, they will, at some point run
out. 136 The question really is whether we will have the courage to
130 See generally Richard E. Ayres & Richard W. Parker, Proposed WEPCo
Rule: Making the Problem Fit the Solution, 22 ENVTL. L. REP. 10201, 10202
(1992).
131 See generally id at 10202-03.
132 Id at 10202.
133 ELI, supra note 13, at 2.
134 ENERGY AND TRANSPORTATION TASK FORCE OF PRESIDENTS COUNCIL ON
SUSTAINABLE DEVELOPMENT REPORT Ch. 3 at 3 (1996) available at
http://clinton4.nara.gov/PCSD/Publications/index.html (last visited Aug 10,200 1)
[hereinafter TASK FORCE REPORT].
135s NATURAL RESOURCES DEFENSE COUNCIL AND PUBLIC SERVICE ELECTRIC
AND GAS COMPANY, BENCHMARKING AIR EMISSIONS OF ELECTRIC UTILITY
GENERATORS IN THE U.S. 39 (1998).
136 Because of weaknesses in the basic public data and the inherent
uncertainty in predicting future discoveries, predicting when they will run out is
very difficult. See e.g. Jean Laherrere, Estimates of Oil Reserves, International
Energy Workshop, Laxenburg, Austria, June 19, 2001, available at
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adopt a sustainable path now, or have it thrust upon us after major
climate disruption has already ravaged the earth, the accumulation of
even more substantial amounts of mercury has harmed the ecosystem,
and several more generations have suffered from lung disease caused
or exacerbated by air pollution. Sustainable development requires a
substantial movement away from coal (and other fossil fuels) long
before it runs out.
137
The more difficult policy issue involves choosing substitutes
for the dirtiest technologies. Agenda 21 calls for more reliance upon
renewable energy, while private power producers generally choose
natural gas power generation for new facilities, another non-
renewable fossil fuel source. Natural gas generation contributes some
pollution and will also run out at some point. Renewable energy
offers yet cleaner power that is sustainable over the long-term. For
that reason, the task force on Energy and Transportation of President
Clinton's Council on Sustainable Development called for increasing
renewable energy supply to 12 percent by 2010 and 25 percent in
2025.'8
The Rio Declaration suggests a substantial societal role in
making decisions about when to phase out coal-fired generation and
what to put in its place. In particular, Principle 4 commands that
"environmental protection shall constitute an integral part of the
http://www.iiasa.ac.at/Research/ECS/IEW/papers/IEW200I/Laherrere-
short200 l.pdf (visited Aug. 6,2001) (predicting that oil will peak around 2010 and
natural gas around 2030); Peter Odell, The Long-Term Future Supply of Oil,
International Energy Workshop, Laxenburg, Austria, June 19, 2001, available at
http://www.iiasa.ac.at/Research/ECS/lEW/papers/IEW200 I/Odell200 l.pdf(visited
Aug. 6, 2001) (predicting that oil and gas will continue to dominate this century,
especially natural gas).
13 Rio Decl., supra note 2, at princ. 3 (calling development to "equitably
meet" the needs of "current and future generations." )
138 TASK FORCE REPORT, supra note 134, at ch. 2 at 3, ch. 4 at 1-5. The
Commission on Sustainable Development to which the task force reported
recommended movement to lower carbon and zero carbon technologies, but did not
adopt a numerical goal for particular categories of technologies. See PCSD, supra
note 127, at 21-22.
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development process and cannot be considered in isolation from
it.' "3 9 This statement does not define development process. But in the
United States the most important development process consists of
numerous private decisions about what techniques to use to make
profits in the free market. The relevant private decision-makers,
absent significant government regulation, have little incentive to
consider environmental protection in making these decisions. While
states have traditionally heavily regulated electric utilities, recent
deregulation may lessen social control over decisions about what
generating capacity to build.
Redesigning the Regulatory System to Encourage Advanced
Technology
This flags a larger question-how can the government create
an economic dynamic encouraging radically improved innovative
technologies that meet environmental needs? A phase-out of coal-
fired generation may vastly improve environmental quality without
providing sufficient incentives to adopt truly sustainable renewable
technologies. This issue matters not only to the question of how to
wean ourselves from fossil fuels, but also to the question of how to
make progress on other fronts as well. So far, this discussion has
emphasized clean-up of utility and vehicle emissions. Factories,
consumer products, non-vehicle engines, and many other sources also
contribute substantially to air pollution. A book chapter cannot
possibly address all of these sources comprehensively. Ideas about
creating an economic dynamic encouraging environmental innovation
may aid design of programs to address these other sources as well.
The idea here is to broaden the focus of the Clean Air Act,
which tends to impose much more stringent limits on new
technologies than on existing technologies, so that the regulation of
new and existing facilities is more comparable. The idea is also to use
market forces to ensure that new technologies are continuously more
13 Rio Deci., supra note 2, at princ. 4.
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efficient and less polluting than existing technologies, and that
existing technologies are actually retired on a periodic basis rather
than allowed to operate indefinitely. Several legal mechanisms have
the potential to create that economic dynamic. These include increas-
ingly stringent mass-based limits, pollution taxes, and an
"environmental competition law."
The conventional wisdom preaches that economic incentive
measures induce innovation and "command and control" regulation
does not. 4 ' The failure of the acid rain program, however, to induce
substantial movement toward more sustainable patterns of power
production suggests some need to qualify or revise this thesis. To be
sure, the acid rain program produced some technological innovation.
But that program induced incremental innovations, such as improved
scrubbers and greater use of low sulfur coal. 4 ' These innovations do
not allow coal-fired power plants to match the performance of natural
gas plants, let alone that of fuel cells, solar power plants, or
hydropower. Moreover, traditional regulation has produced
innovation at times. The banning of ozone depleting chemicals led to
redesign of many industrial processes as did several of the more
stringent Occupational, Health and Safety Act standards. 4 2 Tradi-
tional regulation does not generally command use of a particular
control technique, rather it usually mandates a performance
standard.'43 Performance standards leave operators free to adopt
techniques not considered by regulators, and operators have done so
when standards are sufficiently demanding.'44 The acid rain program
has failed to induce major movement toward sustainable technology
140 Driesen, supra note 85, at 297.
141 Swift, supra note 81, at 10332.
142 OZONE DEPLETION, supra note 106; OFFICE OF TECHNOLOGY
ASSESSMENT, U.S. CONGRESS, GAUGING CONTROL TECHNOLOGY AND REGULATORY
IMPACTS IN OCCUPATIONAL SAFETY AND HEALTH- AN APPRAISAL OF OSHA's
ANALYTICAL APPROACH, OTA-ENV-635 64 (1995).
143 Driesen, supra note 85, at 296-304. Cf 42 U.S.C. §§ 7412(h)(3);
741 1(h)(3).
144 Robert W. Hahn & Robert N. Stavins, Incentive-Based Environmental
Regulation: A New Era from an Old Idea?, 18 ECOLOGY L. Q. 1, 5-6 (1991).
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for the same reason that most traditional regulation has not done so,
it demanded insufficient reductions to make existing patterns of
production impossible or very difficult and expensive.
This means that the question of how the government might
encourage movement toward renewable energy and energy conserva-
tion as appropriate is more complex than the command and control/
economic incentive dichotomy would suggest. The experience with
both traditional regulation and emissions trading teaches that
stringent emission limits play an essential role in providing incentives
for environmental innovation.'45 For non-environmental amenities,
producers innovate based on speculations about what customers
might want. Supply anticipates demand. Because no individual can
capture the benefit of improved environmental protection, individuals
often do not pay producers to improve environmental quality. So
producers lack the incentives to innovate to protect the environment.
Government regulations play the role of creating demand for
innovations.146  But because producers generally make path-
dependent production decisions, decisions based upon congruence
with their existing investments, habits, and skills, they generally will
not innovate to improve environmental quality absent stringent
government limits. Stringent limits can make existing technology
illegal or too difficult and expensive.
Stringent limits help explain the observed pattern of
innovation in response to government regulation. While the acid rain
trading program produced no radical technological change in power
generation, EPA's lead trading program produced a reformulation of
gasoline that eliminated lead.'47 That is because the emission limit
underlying the trading program for lead called for a phaseout of the
pollutant. Similarly, many mediocre traditional clean air act
regulations have produced little innovation, but some of the more
145 Nicholas A. Ashford & George R. Heaton Jr., Regulation and
Technological Innovation in the Chemical Industry, 46 LAW & CONTEMPORARY
PROBS., 109,140-41 (Summer 1983).
146 DRIESEN, supra note 127.
147 DRIESEN, supra note 85, at 316-317.
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demanding occupational and health and safety standards and the bans
on ozone depleting chemicals did produce substantial innovation.
This means that if the government addresses coal by imposition
of emission limits, whether by trading or not, the stringency of the
limits matters to innovation. Stringent limits can make coal-fired
generation impossible and can either require some movement toward
renewables or simply accommodate natural gas. If we want movement
toward renewables, emission limits that make reliance upon natural gas
alone impossible will produce that movement.
Another important lesson from the acid rain program involves
the form of emission limits. The acid rain program has proven so
successful, in part, because it limits the mass, not the rate, of
emissions.'48 Most regulation, including some trading programs,
limits emission rates.149 For example, federal and state regulations
often limit the pounds per gallon of volatile organic compounds in
paints, solvents, and other pollution sources. Until recently, federal
regulation of power plants has limited the pounds per kilowatt hour
of nitrogen oxide emissions. These rate limits allow the mass of
emissions to increase as production increases.' This makes the
environmental quality improvement that the regulation demands
difficult to sustain. As population increases and economic growth
occurs, cumbersome government regulatory processes must act.
repeatedly just to lock-in the gains from rate-based regulation.
Mass-based limits, however, support sustainable development,
at least in the sense of sustaining whatever environmental gains the
limits provide. Mass-based regulation limits the mass of emissions.
Even if production rates increase, producers must keep the mass of
emissions within the bounds set by regulators. This implies that
producers must somehow change how they produce things to reduce
emission rates when production increases. Otherwise, the mass of
emission will illegally rise with increased production.
148 See generally Swift, supra note 81.
149 See e.g. Swift, supra note 81 (reviewing the history of utility rate
standards).
150 Swift, supra note 81.
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Mass-based limits are also consistent with Herman Daly's
idea of avoiding increased throughput in fostering economic
development because mass-based regulations limit throughput. Their
implementation provides a concrete step toward sustainable
development, whether executed with or without allowance trading.
Adoption of mass-based limits will require government to
change how it thinks about environmental protection. Government
must have some faith in private sector capacity to carry out
environmental innovation in order to adopt mass-based limits. And
it must be willing to assign the private sector, rather than government,
the responsibility to reconcile environmental goals with economic
development.
Mass-based pollution limits also carry out Rio Declaration's
principle of integrated decision-making. The development process,
defined as the decision-making process that firms use to make
production decisions, will take environmental concerns into account,
if the firm is subject to mass-based limits. If the firm is subject to just
rate-based limits, then it may simply slap on a control device
achieving the desired rate of emissions per unit of production. As
production increases to respond to increased demand, the firm simply
raises its mass of emissions, ignoring environmental concerns caused
by the increased production.
Stringent mass-based limits may stimulate radical environ-
mental innovations. Less stringent mass-based limits may provide
sufficient incentives for incremental innovations as the economy
grows, if sufficiently comprehensive.
Taxation upon pollution might also increase impetus to adopt
more sustainable technology. "' President Clinton proposed a tax upon
energy early in his administration, but Congress did not adopt the
proposal.' 2 Taxes, however, will only induce substantial techno-
logical change if they are high enough to make existing dirty
151 See generally MIKAEL SKOU ANDERSON, GOVERNANCE BY GREEN TAXES:
MAKING PREVENTION PAY (1994).
152 Dawn Erlandson, The BTU Tax Experience: What Happened and Why it
Happened, 12 PACE ENVTL. L. REV. 173 (1994).
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production more expensive than repowering or replacement of older
plants. If they can be set high enough, they can, like stringent mass-
based limits, induce innovation.
This need for a government decision to set a high tax rate
flags a more general problem with government decisions as the
primary engine for movement toward sustainable technology, as in
emissions trading, traditional regulation or pollution taxes. Govern-
ment faces substantial pressures not to adopt stringent limits or high
tax rates.
This same problem applies to proposals to subsidize clean
technologies. Unless the subsidies are large enough and apply to
deployment rather than development of technology, they will not
suffice to substantially change supply. They also may offend the
polluter pays principle affirmed in Agenda 21.
We face a major challenge in imagining how to create an
economic dynamic that favors technological innovation to protect the
environment. Mass-based limits, while certainly a step in the right
direction, will not encourage replacement of old dirty technology if
too weak. Good alternatives or supplements to mass-based limits
warrant consideration as well. We must ask ourselves what would it
take to create a world where producers compete with each other to
bring about more sustainable technology. In particular, we may wish
to ask how we can stimulate environmental entrepreneurs to take
chances with new renewable energy techniques. In other words, just
as entrepreneurs now take big risks to lower the costs of existing
services and produce new products, how might we create incentives
for risk taking to lower the environmental cost of producing what
society uses or new products with better environmental attributes?
A widespread belief that emissions trading provides
continuous incentives to innovate has choked off creative thinking
about this problem. This belief is simply wrong. Once polluters have
made the reductions that the emission limits underlying a trading
program require or purchased sufficient allowances to meet these
limits, they have no incentive to make further purchases or
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reductions.'53 The incentive to innovate, if there is one, lasts as long
as the compliance period underlying the trading program, just as in
traditional regulation. While the regulator can, in theory, overcome
this problem by revising the standards, this is true of traditional
regulation as well. Unfortunately, under both trading and regulators
face substantial impediments that. make prompt and regular revision
of standards difficult, thus impeding the development of continuous
incentives for innovation. 54
While taxation, traditional performance standards, and trading
can all create significant incentives to innovate in the hands of
government officials determined and able to effect substantial change,
none of these techniques by themselves guarantee sufficient progress.
If regulators cannot or will not impose high pollution taxes or
stringent limits (and regularly revise them), something else may be
needed.
Securing maximum incentives for innovation may require
legal structures that induce competition to produce environmental
improvement and lessen the need for repeated government decisions.
A more dynamic system might seek to decentralize standard setting
and make it more likely to promote innovation.
Pollution taxes may create continuous economic incentives to
reduce emissions, but they do not rely on the dynamic that drives a
competitive free market, competition among firms. Rather, the
incentive comes from the same source as incentives in traditional
regulation, government decisions.55 Similarly, emissions trading
relies upon government set emission limits to drive demand.
We can design more dynamic economic incentives that
encourage competition to reduce pollution, much as the free market
creates competition to provide better amenities. This requires creation
of mechanisms that circumvent the need for repeated government
153 Hahn & Stavins, supra note 144, at 8-9 & n. 33 (pollution trading tends
to reach an equilibrium); Driesen, supra note 85, at 324-327 (explaining how and
why this must occur).
154 Driesen, supra note 85, at 305-06, 32.
155 Driesen, supra note 85, at 343.
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decisions and allow private actions, rather than government decisions,
to stimulate reductions in pollution.
The law can apply either positive economic incentives, such as
revenue increases or cost decreases, or negative economic incentives,
such as revenue decreases or cost increases, to polluters. This reveals
a possibility that has received too little attention. Negative economic
incentives can fund positive economic incentives.'56
One can build on this principle to craft laws that mimic the
free market's dynamic competitive character far better than taxes or
subsidies. In a competitive free market, a firm that innovates to
reduce its cost or increase its revenues not only increases its profits,
it often reduces its competitors' profits. Hence, firms in a very
competitive market face strong incentives to innovate and improve.
Failing to innovate and improve can threaten their survival. Imple-
menting innovations and improvements can help firms prosper in a
competitive market. One might seek to design environmental law to
create a similar dynamic.
One could craft an "environmental competition law" requiring
electric utilities (for example) with relatively high pollution levels to
pay any costs that competitors incur in realizing lower pollution
156 Governments have designed programs that use negative economic
incentives to fund positive economic incentives. New Zealand addressed the
depletion of its fishery by imposing fees on fishing, a negative economic incentive,
and using revenue from these fees to pay some fishermen to retire, a positive
economic incentive. T.H. Tietenberg, Using Economic Incentives to Maintain Our
Environment, CHALLENGE, Mar.-Apr. 1990, at 42,43. This may reduce pressure on
the fish if fees are high enough. Id. at 42-43. The California legislature has
considered a program, Drive +, that imposes a fee upon consumers purchasing an
energy inefficient or high pollution vehicle. See Nathaniel Greene & Vanessa
Ward, Getting the Sticker Price Right: Incentives for Cleaner More Efficient
Vehicles, 12 PACE ENVTL. L. REv. 91,94-97 (1994). The proceeds fund a rebate on
the purchase of an energy efficient vehicle or low polluting vehicle. Id. at 94-95.
Similarly, New Hampshire officials have proposed an "Industry Average
Performance System" that redistributes pollution taxes to the polluting industry in
ways that favor lower emissions. See JEFFREY C. MACGILLIVRAY & KENNETH
COLBURN, A NEW APPROACH TO AIR POLLUTION REGULATION, INDUSTRY
AVERAGE PERFORMANCE SYSTEMS 20 (1997) (on file with author).
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levels plus a substantial premium, thereby creating a significant
incentive to be among the first to eliminate or drastically reduce
emissions of mercury, nitrogen oxide, carbon dioxide, and sulfur
dioxide. Such a law would simply authorize any power producer to
collect costs plus a premium from any competing firm with higher
pollution levels.
This could provide a means of implementing a phase-out. A
utility that starts up a new natural gas power plant, for example, could
demand payment for the full cost of constructing the new plant from
a coal-fired power plant that has higher emissions. Similarly, a utility
building a wind farm might demand payment from a natural gas
power plant. This would set off a race to shut down the dirtiest plants
and to deploy clean technology. (Alternatively, one could limit the
payment amounts to modify harsh impacts. But overly conservative
limits would make the system less dynamic.)
If this seems extreme, remember that something very similar
occurs in free markets. If a company fails to produce goods that
satisfy consumer needs, it can go bankrupt and its competitor can gain
revenue by capturing a broader market share. This environmental
competition law promises a less drastic, but still dynamic, movement
of resources to the most socially efficient producers of electricity.
This idea of having dirty polluters, either directly or indirectly,
fund the activities of cleaner competitors provides a concept aimed
squarely at encouraging innovation. Policy-makers can adapt it in a
variety of ways to different problems and policy concerns.
An environmental competition law directly attacks a
fundamental problem with existing free market incentives: the
polluting firm must absorb any clean-up costs. Because the firm does
not experience all of the costs of pollution itself (most are
externalized and felt by the general public) it rarely pays to clean-up.
If utilities could systematically externalize the costs of clean-up
without substantial administrative intervention, just as they
externalize the cost of pollution, then even a fairly modest premium
might create adequate incentives to control pollution.
This solves another problem as well. The free market system
provides no systematic incentive for environmentally superior
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performance. The environmental competition statute regularly
rewards superior environmental performance, creating a substantial
incentive to move toward more sustainable technology.
An environmental competition statute would create a private
environmental law, with a few public decisions setting up the law, but
substantial enforcement by low polluting businesses against
competitors. The law would create a private right of action that allows
a business that realizes environmental improvements through
investment in pollution reducing (or low pollution) processes, control
devices, products, or services to secure reimbursement for expenses,
plus some premium, from more polluting competitors. Hence, the
scheme would create economic incentives for some companies to
become enforcers of the law, rather than creating incentives for most
companies to resist enforcement.
Such a proposal overcomes the fundamental problem with
traditional regulation, emissions trading, and pollution taxes. These
mechanisms rely on government decisions as the driver for pollution
reductions. An environmental competition law makes private
initiative, motivated by the prospect of gain and the fear of loss, the
driver of environmental improvement, thus replicating free market
dynamics. The magnitude of the incentive may depend upon the
extent of industry fears about competitors' achievements, rather than
only the limited cost government imposes through regulation (or
pollution taxes).
An environmental competition statute should not generate
complicated environmentally fruitless disputes. The Comprehensive
Environmental Response, Compensation and Liability Act of 1980,
otherwise known as Superfund, makes a variety of parties associated
with toxic waste dumps strictly, jointly and severally liable for clean-
up. This has often led to protracted disputes largely because
apportioning liability among potentially responsible parties (PRPs)
has proven difficult.'57
157 Rena I Steinzor & Linda E. Greer, In Defense of the Superfund Liability
System: Matching the Diagnosis and the Cure, ENVTL. L. REP. 10,286, 10,290 n.
19 (June 1997) (citing KATHERINE N. PROBST ET AL., FOOTING THE BILL FOR
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Superfund, however, has been a notable success in
encouraging parties not to create new toxic waste dumps since its
enactment in 1980. The Chemical Manufacturers Association
reported a decrease in waste generation by 51.8% from 1981-1985,
despite an increase in the value of chemical shipments from $180.5
billion to $214 billion over the same period.15 ' An environmental
competition statute would likely stimulate a comparable scramble to
avoid liability by reducing pollution levels.
The principal causes of protracted disputes and high
transaction costs under Superfund for already existing toxic waste
sites would not exist under an environmental competition statute.
Allocating responsibility has proven difficult under Superfund
because good information about the past history of toxic waste dumps
(who dumped, who allowed dumping, etc.) is hard to come by and the
program creates great uncertainty about the means and scope of
eventual clean-up. It usually will not be difficult to determine pollu-
tion levels and hence responsibility under an environmental competi-
tion statute, since liability will only arise after a pollution reducing
activity is completed and documented and will only attach to a
defendant who has not reached the leaders' level. Furthermore,
transaction costs are highest under Superfund when a toxic waste site
involves large numbers of potential parties.159 One could structure an
environmental competition statute to limit the parties to as few as
two, one defendant and one plaintiff.
PRPs and EPA often seek to allocate responsibility under
Superfund before completion of clean-up. This also hinders settle-
ment because the total value of liability remains open-ended at the
SUPERFUND CLEANUPS, WHO PAYS AND How? 26 (1995)) (describing such
complaints); Lloyd S. Dixon, The Transaction Costs Generated by Superfund's
Liability Approach, in ANALYZING SUPERFUND: ECONOMIC, SCIENCE, AND LAW
171-185 (Richard L. Revesz and Richard B. Stewart eds. 1995).
ISO Klaus Lindegaard, Environmental Law, Environmental Globalization, and
Sustainable Techno-Economic Evolution, in ENVIRONMENT, TECHNOLOGY, AND
ECONOMIC GROWTH 141 (Andrew Tylecote & Jan Van Der Straaten eds. 1997).
159 Id. at 176-77.
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time of negotiation. An environmental competition statute should
only allow claims based on already completed clean-up. Since
disputes will only arise after the costs have already been incurred and
are known, many potential disputes will be settled.
Regardless of the technique chosen, the goal should involve
phasing out coal-fired generation and replacing the internal combus-
tion engine. This requires a combination of good regulatory technique
and stringent design.
Enforcing the Clean Air Act and Improving Monitoring
All economic incentive programs, including taxes, emissions
trading, and environmental competition statutes, require good
monitoring to be effective. This means that outside of the utility
sector, effective use of economic incentives will prove difficult to
implement because of the lack of reliable monitoring. 6 ' For example,
emissions trading in the vehicle sector will probably undermine
efforts to introduce innovation by encouraging gaming in the face of
unreliable emission estimates. EPA should require use of the best
available monitoring absent a showing that such monitoring is
prohibitively expensive. In most cases, we know too little about
emissions to regulate effectively, especially if we make wider use of
economic incentives.
EPA must enforce state compliance with the Clean Air Act.
It has usually failed to do this,' 6 ' so Congress, at some point, should
examine alternative means of securing state compliance and adopt its
own standards for more nationally significant pollution sources, such
160 GENERAL ACCOUNTING OFFICE, WIDER USE OF ADVANCED
TECHNOLOGIES CAN IMPROVE EMISSIONS MONITORING, GAO-01-313 at 18-35
(June, 2001). See also EASTERN RESEARCH GROUP, II INTRODUCTION TO
STATIONARY POINT SOURCE EMISSION INVENTORY DEVELOPMENT, part 1.4 (May,
2001).
161 See e.g. Natural Resources Defense Council v. EPA, 22 F.3d 1125 (D.C.
Cir. 1994); Natural Resources Defense Council v. EPA, 475 F.2d 968 (D.C. Cir.
1973); Sierra Club v. EPA, 719 F.2d 436, 469 (D.C. Cir. 1983).
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as electric utilities. EPA should also revise its air toxics regulations
to require the maximum achievable emission reduction, including
those achievable through pollution prevention.
Several representatives have introduced multi-pollutant bills
to regulate the many types of utility emission comprehensively. If
such a bill becomes stringent enough to force out coal-fired power, its
passage and implementation would make an enormous contribution
to sustainable development. EPA has undertaken an evaluation of its
new source review program, which has been criticized for
discouraging technological change. Relaxing or abolishing new
source review, however, will not create an impetus for significant
technological change, because running old plants may remain cheaper
than building new ones for some time. Congress should adopt an
affirmative program that will generate substantial technological
change.
Conclusion
The United States has undertaken many of the types of actions
contemplated in Agenda 21. It has fallen far short of the more
ambitious goals underlying the Rio Declaration. Meeting these goals
would require a substantial movement toward more sustainable
technology. The United States should phase out coal-fired power plants
and the internal combustion engine. We must create an economic
dynamic favoring much greater use of sustainable technology.
